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Description

[0001] The presentinvention relates to a cylinder head
for an internal combustion engine of the reciprocating
piston type, and in particular to a helical inlet port with a
sharp edge swirl lip on a generally cylindrical valve stem
recess. DE-A-1956350 shows this.

[0002] Helical inlet ports are commonly used to gen-
erate swirl in the gasses entering the cylinder of an in-
ternal combustion engine, for example a direct injection
diesel engine. The port has an inverted bowl-shaped re-
cess or chamber the rim of which terminates in an annular
valve seat. A generally cylindrical valve guide, for the
stem of a poppet valve, depends from the roof of the
bowl. The bowl is defined by an annular space which
extends around the valve guide and which is intercepted,
usually tangentially, by the inlet port, in order to generate
swirl in the intake gasses as these are admitted to the
cylinder.

[0003] The junction between the upstream inlet port
and the annular space about the cylindrical valve guide
is smooth along an outer wall of the port, and has a cusp
shape along an opposite innerwall. Such a conventional
cusp will generally have an edge or lip with a radius of
more than 1.5 mm and more usually at least about 3 mm.
For example, iron can consistently be cast with features
having a radius of no less than about 3 mm, and alumin-
ium alloys can consistently be cast with features having
a radius of no less than about 1.5 mm. The cusp acts as
aswirl edge, with most of the edge being directed parallel,
or within 10° of parallel, to the axis of the valve guide., It
is known that the degree of swirl is dependent on the
particular shapes of the walls inside the helical port. Ide-
ally, these shapes should be constant for each cylinder
head produced in a production run, in order to ensure
the same swirl in each cylinder head. For example, fuel
injection equipment is set to deliver a fuel at a certain
pressure and droplet size, and for convenience and econ-
omy this setting is the same for each engine produced.
If the swirl characteristics vary between different cylinder
heads, or between different inlet ports in the same cylin-
der head, then fuel may not be dispersed correctly with
the inlet gasses or may settle on surfaces inside the cyl-
inder, such as the combustion bowl piston. This will result
in non-optimal combustion and increased emissions.
Therefore, swirl ratio is best at a particular nominal value
for a particular fuel injection setting.

[0004] However, inpractice itis difficult to maintain uni-
formity of the inlet portfeatures in production of a cast
cylinder head because the tools, or "boxes" as they are
sometimes called, tend to be abraded by sand blown into
the tools. In addition, the granularity and low strength of
the packed sand released from the tool limits the mini-
mum radius on the swirl edge, and can cause variations
in the radius of this edge. The shape of the swirl edge
can therefore change over time.

[0005] As a consequence, in order to optimise fully
emission performance, it would necessary, particularly
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with direct injection diesel or gasoline engines, either to
tune each engine individually to meet performance tar-
gets, or to attempt to measure the shape of the swirl
edge, and to reject cylinder heads that were out of spec-
ification. Since this is time consuming and relatively ex-
pensive, it has hitherto often been necessary to settle for
lower performance on at least some of the engines pro-
duced, and hence higher certifiable emissions.

[0006] According to the invention, there is provided a
cast metal cylinder head for an internal combustion en-
gine of the reciprocating piston type, comprising a helical
inlet port with an inlet passage according to claim 1 and
a method according to claim 8.

[0007] The head can then be formed in a casting proc-
ess with an excess of material inside the bowl adjacent
the swirl edge, which excess material is subsequently
removed by processes such as machining or grinding in
subsequent processing of the head.

[0008] Preferably, at least some of the swirl edge has
a radius of less than about 0.5 mm. The advantage of a
relatively sharper swirl edge is that for a given percentage
variation in the radius, there will be a correspondingly
smaller variation the magnitude of the swirl generated by
the helical port. Therefore, in general it is preferred if the
swirl edge has a radius of less than 0.5 mm over the
whole, or substantially the whole, of the swirl edge so as
to minimise any variations owing to a larger radius portion
of the swirl edge.

[0009] Most preferably, the swirl edge is a sharp edge,
that is an edge with a radius of about 0.1 mm or less. It
would be, however, very difficult orimpossible to produce
such a sharp a swirl edge using a conventional casting
process.

[0010] During production of the cylinder head, before
the valve stems are in place, access may readily be had
to the inside of the bowl-shaped swirl chamber or recess.
The inlet passage upstream of the swirl edge is less ac-
cessible through the valve seat opening, and in some
cases may be accessed only with difficulty from the up-
stream end of the inlet passage. Therefore, itis preferred
if only the side of the swirl edge inside the bowl-shaped
chamber is cast with excess material and then machined.
The surfaces in the inlet passage upstream of the swirl
edge may then remain as originally cast.

[0011] The surface of the bowl adjacent to the swirl
edge preferably presents a concave surface along the
annular space, for example a surface conforming gener-
ally to the essentially cylindrical shape of this portion of
the bowl-shaped chamber. Such a surface may readily
be produced with a rotating cutting tool. The surface may,
however, be concave in orthogonal directions, that is,
somewhat hollow.

[0012] A sharp edge swirl lip as described above has
the advantage that each helical inlet port may be pro-
duced with a radius that is close to a nominal radius in
terms of the degree of swirl generated by the helical port.
Processing of the surface inside the bowl adjacent the
edge may, however, introduce other variations in the
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shape of the port. For example, one swirl edge may be
machined further away from the valve stem axis than a
swirl edge in another inlet port. If the inlet passage sur-
face upstream and adjacent the swirl edge is a curved
surface, then machining of the opposite surface in the
bowl-shaped chamber may resultin different orientations
of the surfaces immediately upstream and adjacent the
swirl edges. Therefore, itis preferred if the surface of the
inlet passage upstream and adjacent the swirl edge has
a flat portion. Then, if processing or machining of the
surface adjacent the swirl edge inside the, bowl cuts away
part of this flat surface, the orientation relative to the valve
stem axis of the inlet passage surface upstream and ad-
jacent the swirl edge will be unchanged.

[0013] Also according to the invention, there is provid-
ed a A method of manufacturing a cylinder head for an
internal combustion engine of the reciprocating piston
type, the cylinder head comprising a helical inlet port with
an inlet passage, a bowl-shaped chamber which has a
rim that terminates in an annular valve seat and which
encompasses an annular space about a generally cylin-
drical valve stem guide for a poppet valve stem, a surface
of the bowl meeting one wall of the inlet passage along
a swirl edge, characterised in that the method comprises
the steps of:

i) casting of the cylinder head with an excess of ma-
terial inside the bowl adjacent the swirl edge and
without an excess of material along the inlet passage
upstream and adjacent the swirl edge; and,

ii) processing the head to remove the excess mate-
rial and so sharpen the swirl edge.

[0014] The processing may, for example, be by ma-
chining of the excess material. A swirl edge may then be
generated which is sharper than that achievable by con-
ventional casting techniques, having, for example, a ra-
dius less than 0.5 mm, and preferably less than about
0.1 mm.

[0015] Asdescribed above, step i) may involve casting
of a flat surface along the inlet passage upstream and
adjacent the swirl edge.

[0016] The invention will now be described in more de-
tail, by way of example and with reference to the accom-
panying drawings, in which:

Figure 1is a perspective view of the internal surfaces
of a helical inlet port in a cylinder head according to
the invention, the port having an inverted bowl-
shaped chamber around a generally cylindrical valve
stem guide above an inlet valve seat;

Figure 2 is a cross section through the cylinder head
of Figure 1, in a vertical plane through the valve stem

axis;

Figure 3 is a cross section through the cylinder head
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of Figure 1, at right angles to the valve stem axis
looking down on the inlet valve seat and showing a
wall of the bowl meeting an upstream portion of the
inlet passage at a swirl edge;

Figures 4 to7 are four cross sections similar to Figure
3, showing qualitatively the effect that variation in
swirl edge radius has on airflow, in which Figures 5
to 7 have conventional swirl edge radii; and

Figure 8 is a plot showing the sensitivity of swirl as
afunction ofanumber of inlet port shape parameters.

[0017] Figures 1, 2 and 3 show the internal surfaces
of a helical inlet port 1 in a cylinder head cast in iron or
an aluminium alloy. The inlet port 1 has a valve stem
recess with an inverted bowl-shaped surface 6 that ex-
tends about a valve stem guide 8 which is directed down-
wardly towards an inlet valve seat 10 in a lower surface
12 of the cylinder head. An annular space 14 extends
around most of the valve stem guide 8, broken by an inlet
passage 20 which meets the bowl 6 essentially tangen-
tially. For clarity in the drawings, no poppet valve is
shown, and no outlet port is shown leading from the cyl-
inder’s outlet valve seat 16.

[0018] An outer surface 2 of the inlet passage blends
in smoothly with the bowl-shaped recess, whilst an op-
posite inner surface 4 of the inlet passage meets the
bowl-shaped recess at swirl edge 18. The swirl edge 18
has a cusp-shaped cross section, seen most clearly in
Figure 3, and is straight over most of its length, shown
as a dashed line in Figure 1. The straight portion of the
swirl edge is directed about 5° from parallel with an axis
22 of the valve stem, tapering outwardly slightly towards
the lower end of the swirl edge 18.

[0019] The swirl edge 18 of the present example is
sharp, with a radius less than 0.1 mm. Because it is not
possible to cast such a sharp thin-walled feature, owing
to the granularity and consistency of sands used in cast-
ing, the swirl edge 18 is initially cast with excess material
24 adjacent the swirl edge along the side of the swirl edge
facing in towards the annular space 14 about the valve
stem guide 8. The excess material results in a swirl edge
initially having a conventional radius, i.e. in the region of
1.5 mm to 3 mm, depending on the metal and casting
techniques employed. After casting of the cylinder head
1, arotating metal cutting tool (not illustrated) is inserted
through the annular valve seat opening 10 into the an-
nular space 14. The cutting tool is then used to cut away
the excess material along a cylindrical cutting line 26
which intersects with a preferably flat surface 28 up-
stream and immediately adjacent the swirl edge 18. This
cutting operation yields a cylindrical surface 25 which
terminates in a sharp point along the swirl edge, that is,
a point with a radius less than 0.1 mm. The axis of the
cut 26 is generally parallel with the valve stem axis 22.
The orientation of the preferably flat surface 28 may be
roughly tangential to a circle centered on the valve stem



5 EP 0926 330 B2 6

axis 22, asillustrated in Figure 3. However, other designs
of helical inlet port have the surface upstream of the swirl
edge directed more towards, or even at, the valve stem
axis, and the present invention is applicable to such cas-
es.

[0020] Figures 4 to 7 help to illustrate the beneficial
effect of having a sharp swirl edge. Each of these is based
on numerical model calculations, and shows in qualitative
terms the airflow pattern as indicated by arrows inside
the inlet port passage 20 and bowl-shaped chamber 6.
Figure 4 corresponds with Figure 3, having a sharp swirl
edge 18. Figures 5 to 7 show conventional swirl edges
38,48,58 with a radii of, respectively, 2.5 mm, 3.0 mm
and 3.5 mm. Such a variation may happen between cyl-
inder heads in a production line casting process, for ex-
ample owing to variations in filling of the casting along
the swirl edge, or the effect over time of abrasion of the
tool from sand blown into the tool.

[0021] Itwill be seenthan arounded swirl edge causes
airto be pulled at least partially around the swirl edge,
which creates at least one eddy 30,31 to form inside the
annular space 14. Such eddies cause turbulence and
reduce the swirl effect of the gasses entering the cylinder.
This is notinitself a particular problem, as other variables
affecting combustion, for example fuel injection timing
and droplet size, may be altered to achieve adequate
combustion. As will be described in more detail below,
the problem arises from the fact that the strength and
effect of the eddies 30,31 varies significantly depending
on the swirl edge radius, and one particular setting of fuel
combustion parameters will not suit all swirl edge radii.
As a result, emissions performance may not be optimal
for all cylinders or for all cylinder heads.

[0022] Because the machined swirl edge 18 is sharp,
the airflow upstream of the swirl edge remains laminar
as this airflow meets the airflow around the valve stem
guide 8, and there are no eddies. Each swirl edge can
therefore be made to conform to a nominal performance
in terms of the swirl generated by the helical inlet port.
[0023] Figure 8 is a sensitivity effect analysis plot of
swirl ratio against a number of port shape parameters.
Swirl ratio here is measured using a well-known tech-
nique on a test rig, in which air is sucked into an empty
cylinder inside of which a vane anemometer is mounted.
The vane is designed to detect the swirl of air about the
cylinder axis and so rotates on pivots about this axis. The
swirl ratio is calculated as the ratio of the rotation rate of
the vane divided by a notional engine rotation rate being
that consistent with the volume of air entering the cylin-
der. Therefore, the greater the swirl ratio, the greater the
swirl imparted to air drawn into the cylinder by the helical
inlet port.

[0024] The plot has a set of two or three data points
for each of eight shape factors, all of which apart from
"valve blend" were varied independently of the other
shape factors over the normal distribution range expect-
ed in a casting production process. There are also 3 sets
of data points taken for no variation in the port shape, in
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order to estimate the inherent accuracy of the measure-
ments. From this it can be seen that of the eight shape
parameters, five have an effect which is indistinguisha-
ble, or slightly more, than the experimental error. These
five are: the x, y and z axis variability of the port position
with respect to the cylinder axis (where x and y are at
right angles to the cylinder axis and z is parallel to the
cylinder axis); the variability of valve seat alignment (in
the y-direction at right angles to the engine axis); and
valve seat blend (the two data points are a smooth junc-
tion, and a stepped junction, between the valve seat and
port inner wall).

[0025] One parameter, roughness inside the bowl-
shaped chamber, had a moderate effect on the degree
of swirl.

[0026] Two parameters were discovered to have a sig-
nificant effect. "Lip angle position" is the angle the wall
4, adjacent and upstream of the swirl edge, makes with
the valve stem axis, in the plane of Figure 3. Surprisingly,
it was discovered that "swirl edge radius" has a much
greater effect than either inlet port roughness or lip angle
position. This effect is due to variable turbulence induced
by eddies, and whilst a constant degree of turbulence
would be acceptable, in practice turbulence can vary
strongly on relatively small changes in inlet port shape.
The sharp swirl edge permits a smooth laminar transition
between the airflows entering and swirling around the
valve stem axis.

[0027] Another benefit of smooth laminar flow, when
a portion of the exhaust gasses are recirculated with inlet
gasses, is that this can help prevent the accumulation of
carbon and other residues of combustion on inlet port
surfaces, since such residues will tend to depositin areas
of stagnant flow.

[0028] Although it is preferred if the swirl edge has a
radius of less than about 0.1 mm, significant benefits may
still be had if the swirl edge is less than about 0.5 mm.
Similarly, although it is preferred if the sharp edge ex-
tends over the full length of the straight portion of the
swirl edge, swirl variability will be reduced by a sharp
swirl edge that extends over substantially most of the
straight portion of the swirl edge.

[0029] By machining the swirl edge to a sharp radius,
the most significant variable affecting the degree of swirl
may therefore be controlled. The surface that is ma-
chined is also readily accessible through the valve seat
opening, and the machined surface may conveniently
have a cylindrical shape, generally concentric with the
valve stem axis, that is readily produced by a rotating
cutting tool. It is therefore possible in a production envi-
ronment to reduce significantly variation in the swirl ratio
between different inlet ports by removing a relatively
small amount of excess metal. The present invention
therefore allows a significant improvement in the varia-
bility in the degree of swirl between different inlet ports.
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Claims

A cast metal cylinder head for an internal combustion
engine of the reciprocating piston type, comprising
a helical inlet port (1) with an inlet passage (20), a
bowl-shaped chamber (6) which has a rim that ter-
minates in an annular valve seat (10) and which en-
compasses an annular space (14) about a generally
cylindrical valve stem guide (8) for a poppet valve
stem, a surface (25) of the bowl meeting one wall (4)
of the inlet passage (20) along a swirl edge (18) de-
fined by a cusp most of which extends substantially
parallel to the axis of the valve stem guide, wherein
said surface (25) of the bowl adjacent the swirl edge
(18) is a processed surface and that a surface (28)
of the inlet passage upstream and adjacent the swirl
edge (18) is a cast surface.

A cast metal cylinder head as claimed in Claim 1, in
which the swirl edge (18) has a radius of less than
about 0.5 mm.

A cylinder head as claimed in Claim 2, in which the
swirl edge (18) has aradius of less than 0.5 mm over
substantially the whole of the swirl edge.

A cylinder head as claimed in Claim 2 or Claim 3, in
which the swirl edge (18) is a sharp edge.

A cylinder head as claimed in any preceding claim,
in which the surface (25) of the bowl adjacent the
swirl edge (18) presents a concave surface along
the annular space (14).

A cylinder head as claimed in any preceding claim,
in which the surface (28) of the inlet passage up-
stream and adjacent the swirl edge (18) has a flat
portion.

An engine comprising a cast metal cylinder head,
the cylinder head being as claimed in any preceding
claim.

A method of manufacturing a cylinder head for an
internal combustion engine of the reciprocating pis-
ton type, the cylinder head comprising a helical inlet
port (1) with an inlet passage (20), a bowl-shaped
chamber (6) which has a rim that terminates in an
annular valve seat (10) and which encompasses an
annular space (14) about a generally cylindrical
valve stem guide (8) for a poppet valve stem, a sur-
face (25) of the bowl meeting one wall (4) of the inlet
passage along a swirl edge (18) defined by a cusp
most of which extends substantially parallel to the
axis of the valve stem guide, wherein the method
comprises the steps of:

i) casting of the cylinder head with an excess of
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10.

11.

12.

13.

material (24) inside the bowl (6) adjacent the
swirl edge (18) and without an excess of material
along the inlet passage (20) upstream and ad-
jacent the swirl edge (18); and,

ii) processing the head to remove the excess
material (24) and so sharpen the swirl edge (18).

A method as claimed in Claim 8, in which step ii) is
a machining process.

A method as claimed in Claim 8 or Claim 9, in which
step i) involves casting of a flat surface along the
inlet passage (20) upstream and adjacent the swirl
edge (18).

A method as claimed in any one of Claims 9 to 10,
in which step ii) results in a swirl edge (18) which
presents a concave surface (25) along the annular
space (14).

A method as claimed in any one of Claims 8 to 11,
in which the swirl edge (18) has a radius of less than
about 0.5 mm.

A method as claimed in Claim 12, in which the swirl
edge (18) is a sharp edge.

Patentanspriiche

1.

MetallguR-Zylinderkopf flr eine Hubkolben-Brenn-
kraftmaschine mit einem spiralférmigen EinlalRkanal
oder-6ffnung (1) mit einem EinlaRkanalgang (20), ei-
ner schalenférmigen Kammer (6) mit einem Rand,
derin einemringférmigen Ventilsitz (10) auslauftund
einen Ringraum (14) um eine allgemein zylindrische
Ventilschaftfihrung (8) fir den Schaft eines Teller-
ventils umgibt, wobei eine Oberflache (25) der Scha-
le entlang einer Drall- oder Wirbelkante (18) auf eine
Wand (4) des EinlaRkanalganges (20) trifft, wobei
die Drall- oder Wirbelkante durch eine kurvenum-
kehrférmige oder spitze Linie oder Kante, die sich
hauptsachlich im wesentlichen entlang der Achse
der Ventilschaftfiihrung erstreckt, definiert ist, wobei
besagte Oberflache (25) der Schale unmittelbar an-
grenzend an die Drallkante (18) eine bearbeitete Fla-
che ist, und dal} eine Oberflache (28) des Einlallka-
nalganges stromoberhalb und unmittelbar angren-
zend an die Drallkante (18) eine GuRoberflache ist.

MetallguRR-Zylinderkopf nach Anspruch 1, worin die
Drallkante (18) einen Radius von nicht weniger als
etwa 0,5 mm hat.

MetallguRR-Zylinderkopf nach Anspruch 2, worin die
Drallkante (18) einen Radius von nicht weniger als
0,5 mm Uber im wesentlichen die ganze Lange der
Drallkante hat.



10.

1.

9 EP 0926 330 B2 10

MetallguR-Zylinderkopf nach Anspruch 2 oder 3,
worin die Drallkante (18) eine scharfe Kante ist.

MetallguR-Zylinderkopf nach einem beliebigen der
vorangehenden Anspriiche, worin die Oberflache
(25) der Schale angrenzend an die Drallkante (18)
eine konkave Flache entlang dem Ringraum (14)
aufweist.

MetallguR-Zylinderkopf nach einem beliebigen der
vorangehenden Anspriiche, worin die Oberflache
(28) des EinlaRkanalganges stromoberhalb und an-
grenzend an die Drallkante (18) einen flachen Ab-
schnitt aufweist.

Motor mit einem MetallguR-Zylinderkopf, welcher
Zylinderkopf einem beliebigen der vorangehenden
Anspriiche entspricht.

Verfahren zur Herstellung eines Zylinderkopfes fiir
eine Hubkolben-Brennkraftmaschine, welcher Zylin-
derkopf eine(n) spiralférmige(n) EinlaRkanal oder
-6ffnung (1) mit einem EinlaRkanalgang (20) auf-
weist, einer schalenférmigen Kammer (6) mit einem
Rand, der in einem ringférmigen Ventilsitz (10) aus-
lauft und einen Ringraum (14) um eine allgemein
zylindrische Ventilschaftfiihrung (8) fiir den Schaft
eines Tellerventils umgibt, wobei eine Oberflache
(25) der Schale entlang einer Drall- oder Wirbelkante
(18) auf eine Wand (4) des EinlaRkanalganges (20)
trifft, wobei die Drall- oder Wirbelkante durch eine
kurvenumkehrférmige oder spitze Linie oder Kante,
die sich hauptsachlich im wesentlichen entlang der
Achse der Ventilschaftfiihrung erstreckt, definiert ist,
wobei das Verfahren folgende Schritte beinhaltet:

i) GieRen des Zylinderkopfes mit tiberschiissi-
gem Material (24) im Innern der Schale (6) un-
mittelbar angrenzend an die Drallkante (18), und
ohne Uberschussiges Material entlang des Ein-
lalRkanalganges (20) stromoberhalb und an-
grenzend an die Drallkante (18); und

ii) Bearbeiten des Zylinderkopfes zwecks Ent-
nahme des Uberschiissigen Materials (24) und
somit zur Scharfung der Drallkante (18).

Verfahren nach Anspruch 8, worin Schritt ii) ein
spanabhebender Bearbeitungsprozel ist.

Verfahren nach Anspruch 8 oder 9, worin Schritt i)
das Giel3en einer ebenen Flache entlang dem Ein-
lalRkanalgang (20) stromoberhalb und angrenzend
an die Drallkante (18) beinhaltet.

Verfahren nach einem beliebigen der Anspriiche 9
bis 10, worin Schritt ii) eine Drallkante (18) ergibt,
die eine konkave Flache (25) entlang dem Ringraum
(14) aufweist.
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12. Verfahren nach einem beliebigen der Anspriiche 8

bis 11, worin die Drallkante (18) einen Radius von
weniger als etwa 0,5 mm aufweist.

13. Verfahren nach Anspruch 12, worin die Drallkante

(18) eine scharfe Kante ist.

Revendications

Culasse en métal coulé destinée a un moteur a com-
bustion interne du type a pistons alternatifs, compre-
nant un orifice ou conduit d’admission hélicoidal (1)
avec un passage d’admission (20), une chambre en
forme de bol (6) qui comporte un rebord qui aboutit
a un siege de soupape annulaire (10) et qui englobe
un espace annulaire (14) autour d’'un guide de tige
de soupape généralement cylindrique (8) destiné a
une tige de soupape champignon, une surface (25)
du bol rencontrant une paroi (4) du passage d’ad-
mission (20) le long d’une aréte de tourbillon (18),
définie par une ligne ou aréte de rebroussement ou
de sommet dont la plus grande partie s’étend sen-
siblement parallélement a I'axe du guide de tige de
soupape, ladite surface (25) du bol adjacente a I'aré-
te de tourbillon (18) étant une surface traitée et
gu’une surface (28) du passage d’admission en
amont et adjacente a I'aréte de tourbillon (18) est
une surface coulée.

Culasse en métal coulé selon la revendication 1,
dans laquelle I'aréte de tourbillon (18) présente un
rayon inférieur a environ 0,5 mm.

Culasse selonlarevendication 2, dans laquelle I'aré-
te de tourbillon (18) présente un rayon inférieur a 0,5
mm sur pratiquement la totalité de I'aréte de tour-
billon.

Culasse selon la revendication 2 ou la revendication
3, dans lequel I'aréte de tourbillon (18) est une aréte
vive.

Culasse selon 'une quelconque des revendications
précédentes, dans laquelle la surface (25) du bol
adjacente a I'aréte de tourbillon (18) présente une
surface concave le long de I'espace annulaire (14).

Culasse selon 'une quelconque des revendications
précédentes, dans laquelle la surface (28) du pas-
sage d’admission en amont et adjacente a I'aréte de
tourbillon (18) comporte une partie plate.

Moteur comprenant une culasse en métal coulé, la
culasse étant selon I'une quelconque des revendi-

cations précédentes.

Procédé de fabrication d’une culasse destinée a un
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moteur a combustion interne du type a pistons alter-
natifs, la culasse comprenant un orifice ou conduit
d’admission hélicoidal (1) avec un passage d’admis-
sion (20), une chambre en forme de bol (6) qui com-
porte un rebord qui aboutit a un siége de soupape
annulaire (10) et qui englobe un espace annulaire
(14) autour d’'un guide de tige de soupape généra-
lement cylindrique (8) destiné a une tige de soupape
champignon, une surface (25) du bol rencontrant
une paroi (4) du passage d’admission le long d’'une
aréte de tourbillon (18), définie par une ligne ou aréte
de rebroussement ou de sommet dontla plus grande
partie s’étend sensiblement parallélement a 'axe du
guide de tige de soupape, le procédé comprenant
les étapes consistant a :

i) couler la culasse avec un excés de matériau
(24) al'intérieur du bol (6) de fagon adjacente a
l'aréte de tourbillon (18) et sans excés de ma-
tériau le long du passage d’admission (20) en
amont et de fagon adjacente a I'aréte de tour-
billon (18), et

i) traiter la culasse pour éliminer le matériau en
exces (24) et aiguiser ainsi I'aréte de tourbillon
(18).

Procédé selonlarevendication 8, dans lequel I'étape
i) est un traitement d’usinage.

Procédé selon la revendication 8 ou la revendication
9, dans lequel I'étape i) implique la coulée d’'une sur-
face plate le long du passage d’admission (20) en
amont et de fagon adjacente a I'aréte de tourbillon
(18).

Procédé selon I'une quelconque des revendications
9 a 10, dans lequel I'étape ii) résulte en une aréte
de tourbillon (18) qui présente une surface concave
(25) le long de I'espace annulaire (14).

Procédé selon I'une quelconque des revendications
8a 11, dans lequel I'aréte de tourbillon (18) présente
un rayon inférieur a environ 0,5 mm.

Procédé selon larevendication 12, dans lequel I'aré-
te de tourbillon (18) est une aréte vive.
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